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4 For a recent discussion of this point see Chapter 1.5 in Greenhalgh and Rogers (2010). 
5 While subsidies can lead to diffusion, they may fail to lead to actual use of a new technology. For example, in 
the case of improved cooking stoves (ICS) that rely on biomass in developing countries, subsidies have been 
used to help overcome the large up-front investment involved in the replacement of a traditional stove by an 
ICS. Barnes et al. (2003) suggest that while subsidies have promoted diffusion, they did not guarantee the actual 
use of ICS which depended mostly on how suitable the design of the stove was to specific local needs. For 
example, traditional stoves also fulfilled functions other than cooking, such as heating and protection from 









































6 Articles 7, 8, 27.2, 31 TRIPS. Note that despite the possibility of compulsory licensing, its benefits are limited 
inasmuch as the licensor cannot be obliged to transfer the corresponding know-how to the licensee (Derclaye, 
2008). 
7 Note that the definition of eligible patents under these fast-track schemes appears to be somewhat arbitrary 











































Register Vol. 74, No. 234). This is particularly evident in the case of the UKIPO `green channel’, where 
applicants are only required to explain themselves in writing why the technology for which patent protection is 






























8 Supporting this line of argument, Arora and Gambardella (2010) provide evidence from the chemical industry 
in which quick and extensive diffusion of new technologies occurred in the presence of effective patent 
protection. Arora and Gambardella argue that diffusion was possible despite strong patent rights because firms 
were able to develop variants of patented chemical processes which led to effective competition in the market 
for technology. 
9 For earlier surveys on technology transfer and IP see Branstetter (2004), Maskus (2004), ICTSD, and 
UNCTAD (2003); for surveys on innovation and climate change see Popp et al. (2010), Popp (2010), and World 
Bank (2010, Chapter 7). 
10 See Keller (2004, 2010) for overviews of the literature on international technology diffusion. 
11 Wright and Pardey (2006) note that there is often confusion regarding the scope of patent protection. A patent 
is only valid in the country in which it is registered, which means that firms in countries where a technology is 
not protected can use the technology without infringing the patent. At the example of patents on transgenic 
traits, Wright and Pardey argue that despite strong IPR protection in the US where most cultivars with 
transgenic traits have been developed, technology diffusion to developing countries was not hampered. Wright 
and Pardey (2006) argue that it is rather the lack of public investment in agricultural research that accounts for 
the lack of innovation in developing countries in this area than IPR protection. The authors suggest that 





















































































12 “High-tech sectors” were defined as including: (1) drugs, cosmetics, and health care products; (2) chemicals; 












































































































































































14 An overidentification test suggests exogeneity of the instruments. However, the test can only indicate validity 
































15 Wright and Shih (2010) provide an example of how a significant strengthening of IPRs in agricultural 
biotechnology in the US during the 1980s has led to an increase in private investment in applied research, but 
has had a negative impact on basic public research. Wright and Shih (2010) argue that the possibility to protect 
plant varieties has led to a narrow focus on applied research in private sector investment. Patentability also led 
to a proliferation of fragmented IPRs in this technology field which caused the industry to concentrate to avoid 
costly IPR sharing. Due to its applied character, private sector investment still relies on public basic research. 
Wright and Shih (2010), however, report that scattered upstream IPRs impede access to research inputs needed 
in publicly funded downstream research. Lei et al. (2009) make the important point that IPRs as such are not 
responsible for this lock-in effect. On the one hand, their survey among academic agricultural biologists reveals 
that academic scientists find it increasingly difficult to innovate because of IPRs, mostly due to material transfer 
agreements (MTAs). On the other hand, Lei et al. (2009) point out that IPR protection is an obstacle principally 
because “it induces institutional administrators, whose financial priorities scientists do not generally share, to 
encourage or mandate the use of MTAs in exchange of such tools.” (Lei et al., 2009: 39). 
16 This conclusion relies mostly on survey evidence from a number of countries which shows rather 
conclusively that patents are not among the most important means to appropriate returns to innovation, except 
perhaps in pharmaceuticals, medical devices, biotechnology, and some specialty chemicals (Mansfield, 1986; 








































17 For examples, see Foray and Hilaire-Perez (2001) on the Lyons silk weaving cooperative, Allen (1983) on the 
iron industry of Cleveland (UK) over the period 1850-1875, and Nuvolari (2001) on the cooperative incremental 
development of Cornish pumping equipment (a policy that was a response to the mine owners’ experience with 

















































































18 There is a large body of literature analyzing the impact of climate change on specific developing countries 
suggesting potentially large welfare losses, although outcomes vary substantially depending on the assumptions 
made on the extent of climate change reflecting the prevailing uncertainty in this context. The considerable 
projected income losses in developing countries are to a significant extent explained by their dependency on the 






































19 Gans (2010) uses an endogenous growth model to show that under some conditions even policies targeted 
towards energy efficiency or carbon reductions can reduce overall output enough to discourage environmentally 







































































































































































23 Shafik (1994) provides cross-country evidence for a panel of 149 countries over the period 1960-1990 
suggesting that countries tackle different environmental problems at different stages of their development. 
Hence, Shafik suggests that less developed economies might be less interested in patented frontier technologies 
than emerging economies. 
24 The technological fields are industrial and vehicular air pollution, water pollution, hazardous and solid waste 
disposal, incineration and recycling of waste, oil spill clean-up, and alternative energy. 
25 As discussed further below, eighty-two per cent of all USPTO patents granted between 1971 and 1988 were 
held by inventors in these three countries, so this result is not surprising.  
26These are wind, solar, geothermal, marine energy, biomass, hydropower, waste-to-energy, methane 
destruction, climate-friendly cement, thermal insulation in buildings, heating, electric and hybrid vehicles, and 
energy efficient lighting. 
27 Technologies are identified by patents’ IPCs (International Patent Classification) which represent a patent and 



















































































28 Annex 1 countries are developed countries and countries in transition, including the members of the European 
Union, Iceland, Norway, Switzerland, Canada, Australia, New Zealand, Japan, the U.S., Turkey, Belarus, 
Ukraine, and the Russian Federation. Annex 2 countries are the developed country subset of this grouping. 
29 Another mechanism instituted by the Kyoto Protocol promoting technology transfer is the Joint 
implementation (JI) scheme. However, JI is limited to Annex 1 countries and therefore concerns mostly 









































31 As of February 2010, a selection of patents assigned to Bosch, DuPont, Fuji-Xerox, IBM, Nokia, Pitney 


























• Stronger patent enforcement encourages patenting in general, although it is not clear 
that the increase in patenting reflects increased underlying innovation or the increased 
use of patents as a strategic tool. IPR protection may also redirect research to applied 
and patentable research with potential negative effects for the generation of 
fundamental drastic innovation. 
• Stronger patents encourage technology transfer in the form of imports, FDI, and 
licensing to developing countries. 
• Stronger patents have little effect on technology transfer to the lowest income 
countries.  
• It is difficult to find clear evidence that stronger patents positively impact innovation 
except in chemical-related sectors including pharmaceuticals. Many other factors 
matter, so the experiments are often not clear. We do not observe enough variation in 
patent systems, and there is little evidence on how much time firms need to respond to 
changes in IPR regimes. It is also rare to have an independent measure of innovation 
(other than patents) that allows to disentangle changes in innovation and patenting, so 






• Climate change-related technologies comprise a vast range of fundamentally different 
technologies addressing distinct climate change-related problems. Patenting 
propensities and patent effectiveness differ substantially across different technological 
fields. This makes it highly unlikely that a single, universal mechanism characterizes 
the nexus between IPRs and the generation and diffusion of green technologies within 
countries. Also, since different technologies are appropriate for different countries 
depending on their location, industrial structure, and stage of development, it is highly 
unlikely that a single, universal mechanism characterizes the nexus between IPRs and 
the generation and diffusion of green technologies across countries. 
• IPRs can address the gap between private and social returns to innovation that results 
from the public good characteristics of knowledge. However, IPRs are not designed to 
remediate environmental externalities and in fact may not be the best way to close the 
gap in their presence. Other policy interventions are required to mitigate 
environmental externalities. Therefore, the discussion of IPRs and green technology 
has to be framed within the setting defined by policy interventions specifically 
designed to address environmental externalities. 
• There are a number of other issues apart from IPRs that are of first-order importance 
in setting incentives for the development and transfer of technologies, most notably 
large uncertainty regarding the innovative process of new technologies (Johnson and 
Lybecker, 2009b). Developing countries themselves may also generate powerful 
distortions inhibiting the production and transfer of green technologies. A report by 
Copenhagen Economics (2009) suggests that subsidies for the consumption of fossil 
fuels in some developing countries, such as Venezuela, Iran and Indonesia, may 
represent a significant barrier to the development and transfer of green technologies in 
these countries. Barton (2007) suggests that import tariffs on photo-voltaic and wind 
technology in place in India and China may also act as a barrier to technology 
development and transfer. In contrast, import tariffs and subsidies for biofuels in place 
in industrialized countries, above all the E.U. and the U.S., hamper the development 
of this industry in developing countries, such as Brazil (World Bank, 2010). Similarly, 
in January 2009, the U.S. customs agency decided that imports of solar panels to the 
U.S. should be treated as imports of electric generators and thus subject to a duty of 
2.5 percent. Such import barriers on green technologies represent a complex issue 
because there must be policy interventions in place in developed countries dedicated 
to market creation (Taylor, 2008) such as subsidies, to promote demand for green 
technologies produced in developing countries. From a political economy perspective, 
it is unclear how far developed economies are willing to subsidize demand for green 
technology from abroad. This problem has already emerged in the case of feed-in 
price regulation in Germany, which caused a large increase in imported solar panels 
from China.  
• Existing studies using patent counts to describe the geographical distribution of 
inventors of green technologies and their international transfer are by construction 
limited in terms of insights they can deliver. While useful in improving our 
understanding of the patenting distribution in green technologies across sectors, 
countries and time, these studies cannot deliver an answer to the question of whether 
IPRs help or hinder the development and transfer of green technologies. Furthermore, 
to-date there exists no consensus with regard to the definition of relevant technology 
classes as identified by patents’ IPCs. However, any interpretation of results hinges 
crucially on this definition. 
• The limited existing evidence suggests that there are two groups of developing 
countries. In the first group are emerging economies, such as Brazil, China, India, and 
 29
Mexico, and in the second group a larger number of less-developed countries. Similar 
to the conclusion drawn from the general literature on technology development and 
transfer, the evidence on green technologies suggests that a strengthening of IPRs for 
the group of emerging economies will most likely have a positive impact on the 
domestic development of technology and its transfer from developed economies. The 
available evidence does not allow drawing a similar conclusion in the case of less 
developed countries. 
• On the whole, the existing evidence on the role of IPRs in promoting the development 
and diffusion of climate change-related technologies is surprisingly sparse and does 
not provide sufficient insight to reach any substantial conclusion. This calls for 
additional efforts in investigating the relationship between IPRs and green 
technologies specifically in developing countries. 
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